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TITLE 

SNAIL, A NEW MARKER FOR TUMOUR INVASION AND TARGET PROTEIN OF 
NEW ANT I TUMORAL COMPOUNDS. 

5 INVENTION SECTOR 

Biomedicine . Target protein for antitumoral compounds. 

System for identification of candidates for antitumoral 

compounds . 

Tumour invasion and metastasis markers, their use as diagnostic 
10 markers of the disease and as a guide to medical professionals 
in the selection or evaluation of treatments. 

5 PRIOR ART 

63 The protein E-cadherin has not only been shown to mediate 

jp5 intercellular adhesion of epithelial cells during embryonic 

*P development and in adult tissues, but also to be implicated in 

■■Jar 

Lff the phenotypic transformation observed in epithelial tumours 
j\ during their progression into invasive tumours . In this process 
Q of invasion by the tumour cells, expression of the protein E- 
g]p cadherin is reduced or abolished and this, loss is associated 
with the acquisition of migratory properties. Functional 
alterations of E-cadherin and/or its associated proteins, 
catenins, have been associated with de-differentiation and 
greater aggressivity of tumours [Takeichi, M. Cadherins in 
25 cancer: implications for invasion and metastasis. Curr. Op. 
Cell Biol. 5, 806-811 (1993); Birchmeier, W. & Behrens, J . 
Cadherin expression in carcinomas: role in the formation of cell 
junctions and the prevention of invasiveness. Biochim. Biophys . 
Acta 1198, 11-26 (1994)] and have even been seen to. be 
3 0 implicated in the transition from adenomas to invasive 
carcinomas [Perl, A.K., P. Wilgenbus, U. Dahl, H. Semb & 
Christofori, G. A causal role for E-cadherin in the transition 
from adenoma to carcinoma. Nature 392, 190-193 (1998).]. For 
all of these reasons, the E-cadherin gene has been considered to 




be a tumoral invasion suppressor gene [Frixen, U.H., et al . E- 
cadherin-mediated cell -cell adhesion prevents invasiveness of 
human carcinoma cells. J. Cell Biol 113, 173-185 (1991); 
Vleminckx, K. , Vakaet, L.J., Mareel, M. , Fiers, W. & Van Roy, F. 
Genetic manipulation of E-cadherin expression by epithelial 
tumor cells reveals an invasion suppressor role. Cell 66, 107- 
119 (1991); Miyaki, M. et al . Increased cell-substratum 
adhesion, and decreased gelatinase secretion and cell growth, 
induced" by E-cadherin transfection of human colon carcinoma 
cells. Oncogene 11, 2547-2552 (1995); Llorens, A. et al . 
Downregulation of E-cadherin in mouse skin carcinoma cells 
enhances a migratory and invasive phenotype linked to matrix 
metalloproteinase-9 gelatinase expression. Lab. Invest. 78, 1- 
12 (1998).] so that the molecular mechanisms which control its 
expression or function are of the utmost importance in 
increasing our knowledge of tumour invasion processes. 

Expression of the E-cadherin gene is regulated by several 
elements located in the 5 ' proximal region of its promoter 

[Behrens, J., Lowrick, O. , Klein, H.L. & Birchmeier, W. The E- 
cadherin promoter: functional analysis of a GC-rich region and 
an epithelial cell-specific palindromic regulatory element. 
Proc. Natl. Acad. Sci . USA 88, 11495-11499 (1991); Ringwald, M . , 
Baribault, H., Schmidt, C. & Kemler, R. The structure of the 
gene coding for the mouse cell adhesion molecule uvomorulin. 
Nucleic Acids Res. 19, 6533-6539 (1991); Bussemakers, M.J., 
Giroldi, L.A. , van Bokhoven A. & Schalken, J. A. Transcriptional 
regulation of the human E-cadherin gene in human prostate cancer 
cell lines: characterization of the human E-cadherin gene 
promoter. Biochem. Biophys . Res. Commun. 203, 1284-1290 (1994); 
Giroldi, L.A. et al . Role of E-boxes in the repression of E- 
cadherin expression. Biochem. Biophys. Res. Commun. 241, 4 53- 
458 (1997)]. Of these, the E-pal element, which contains two E- 
boxes, has been identified in the E-cadherin promoter in mice 

(between positions -90 and -70) and is important because it acts 
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as a repressor in normal cells and transformed cells deficient 
in E-cadherin [Behrens, J., Lowrick, O., Klein, H.L. & 
Birchmeier, W. The E-cadherin promoter: functional analysis of 
a GC-rich region and an epithelial cell-specific palindromic 
5 regulatory element. Proc . Natl. Acad. Sci. USA 88, 11495-11499 
(1991); Hennig, G. , Lowrick, O. , Birchmeier, W & Behrens, J. 
Mechanisms identified in the transcriptional control of 
epithelial gene expression. J. Biol. Chem. 271, 595-602 (1996); 
Faraldo; M.L., Rodrigo, I., Behrens, J. , Birchmeier, W & Cano, 
10 A. Analysis of the E-cadherin and P-cadherin promoters in 
murine keratinocyte cell lines from different stages of mouse 
skin carcinogenesis. Mol . Carcinog. 20, 33-47 (1997); Rodrigo, 

= I., Cato, A.C.B. & Cano, A. Regulation of E-cadherin gene 

y3 . 

£0 expression during tumor progression: the role of a new Ets- 

■ 

3s binding site and the E-pal element. Exp. Cell Res. 248, 358-371 

*P (1999)]. The transcription factors which interact, with this 

HP 

HI element or in the corresponding region of the promoter of the 

f. human cadherin gene [Bussemakers , M. J. , Giroldi, L.A. , van 

^ - - 

M Bokhoven A. & Schalken, J. A. Transcriptional regulation of the 
|20 human E-cadherin gene in human prostate cancer cell lines: 
B * characterization of the human E-cadherin gene promoter. 
Biochem. Biophys . Res. Commun. 203, 1284-1290 (1994) ; Giroldi, 
L.A. et al. Role of E-boxes in the repression of E-cadherin 
expression. Biochem. Biophys. Res. Commun. 241, 453t458 (1997)] 
25 a re unknown . 

Potential transcription factors which are repressors of the 
expression of the E-cadherin gene could be of great value in the 
identification of new antitumoral candidates which act by 
inhibiting the function of these factors, and consequently the 
3 0 invasive and metastatic process. Furthermore, their presence 
could be used as markers of tumour spread and malignancy. 




DESCRIPTION 



Brief description 

The transcription factor Snail has been identified as a 
repressor of the expression of E-cadherin, as it has a direct 
interaction with the E2 box of the E-pal element of the 
promoter. The ectopic expression of Snail in epithelial cells 
induces epithelial -mesenchymal transition and the acquisition of 
migratory properties concomitant with inhibition of E-cadherin 
expression and the loss of other epithelial differentiation 
markers. This invention presents and includes the following: 

a new target protein for the identification of new 

antitumoral compounds, and 

a new marker of tumour invasion and metastasis and its 
application as a diagnostic marker of the disease and 
as a guide to medical professional's in the selection 
or evaluation of treatments. 

Detailed description 

Snail is a transcription factor which acts as a direct repressor 
of E-cadherin expression. 

identification of transcription factors which interact with 
the E-p^ri. element was undertaken by means of a one-hybrid 
approximation\sosing the mouse E-pal sequence (-90/ -70) 
oligomerised to dib^ct the expression of the HIS3 gene of S. 
cerevlsiae as bait and^a cDNA gene library of NIH3T3 fused to 
the GAL4 cativation domain\as a prey. A total of 13 0 clones 
were isolated, capable of intfeo^cting with (and directing the 
transcription of the reporter ge^e HIS3) the construction 
containing the native E-pal element; th^y did not recognise the 
mutated oligomeric element. This mutated form of the E-pal 
element contains 2 modified bases (TT inst^d of GO which 
eliminate the E2 box. This mutated form has beeK described as 
being responsible for abolishing the repressor effecKin the E- 



cadherin promoter \n mice [Hennig, G. , Lowrick, O., Birchmeier, 
W. 6c Behrens, J. Mechanisms identified in the transcriptional 
control of epithelial Vene expression. J. Biol. Chem. 271, 595- 
602 (1996); Faraldo, m\<., Rodrigo, I. # Behrens, J. , Birchmeier, 
W & Cano, A. Analyses of the E- cadherin and P- cadherin 
promoters in murine keracJLnocyte cell lines from different 
stages of mouse skin carcinoqenesis. Mol . Carcinog. 20, 33-47 
(1997) . \^ 

Sequentiation of the isolated clones revealed that 49% of 
them contained inserts which encoded the complete or partial 
sequence of the mouse Snail cDNA [Nieto, M.A., Bennet, M.F., 
Sargent, M.G. & Wilkinson, D.G. Cloning and developmental 
expression of Sna, a murine homologue of the Drosqphila snail 
gene. Development 116, 227-237 (1992); "Smith, D.E., Del Amo, 
F.F. Sc Gridley, T. Isolation of Sna, a mouse homologous to the 
Drosophila gene snail and escargot: its expression pattern 
suggests multiple roles during postimplantation development. 
Development 116, 1033-1039 (1992)], while one single clone 
encoded a partial sequence of the mouse Slug cDNA. 

To determine the effect of Snail as a transcription factor 
in the context of the proximal region of the E- cadherin promoter 
(-178/+92), the complete sequence of Snail DNA was subcloned in 
an expression vector (pcDNA3) and its activity was analysed by 
cotransf ection in two mouse epidermal keratinocyte cell lines, 
MCA3D and PDV. Both lines had previously been characterised as 
having a high level of E-cadherin expression and promoter 
activity [Faraldo, M.L., Rodrigo, I., Behrens, J., Birchmeier, W 
Sc Cano, A. Analysis of the E-cadherin and P-cadherin promoters 
in murine keratinocyte cell lines from different stages of mouse 
skin carcinogenesis. Mol. Carcinog. 20, 33-47 (1997); Rodrigo, 

I., Cato, A.C.B. & Cano, A. Regulation of E-cadherin gene 
expression during tumor progression: the role of a new Ets- 
binding site and the E-pal element. Exp. Cell Res. 248, 358-371 
(1999); Navarro, P. et al . A role for the E-cadherin cell-cell 



adhesion molecule in tumor progression of mouse epidermal 
carcinogenesis. J. Cell Biol. 115, 517-533 (1991)]. 

Cotransf ection of Snail in MCA3D cells (Fig. 1A) and PDV (Fig. 
IB) produced strong repression of the native E-cadherin promoter 
(95% and 75%, respectively) , but not of the promoter containing 
the mutated E2 box (Fig. 1) . These results confirm those 
obtained by the one -hybrid screening method and demonstrate that 
Snail is a direct repressor of the transcription of the E- 
cadherin gene acting through its binding to the E2 box of the E- 
pal element . 

Snail induces the fibroblastic conversion of epithelial cells 
and the acquisition of migratory properties. 

To obtain more information about the role of the Snail 
protein in the regulation of the E-cadherin gene and its 
participation in epithelial -mesenchymal transition, it was 
ectopically expressed in several cell., lines. 'Transient 
expression of Snail was initially analysed in the keratinocyte 
lines MCA3D and PDV, which offer the advantage of being able to 
grow in isolated groups, establishing strong intercellular 
contacts mediated by E-cadherin even at low density, and exhibit 
very low cell motility [Navarro, P. et al . A role for the E- 
cadherin cell-cell adhesion molecule in tumor progression of 
mouse epidermal carcinogenesis. J. Cell Biol. 115, 517-533 
(1991) ; Lozano, E & Cano, A. Cadherin/catenin complexes in 
murine epidermal keratinocytes : E-cadherin complexes containing 
either b-catenin or plakoglobin contribute to stable cell -cell 
contacts. Cell Adh. Commun. 6, 51-67 (1998); Gomez M . , Navarro 
P. & Cano A. Cell adhesion and tumor progression in mouse skin 
carcinogenesis: increased synthesis and organization of 
fibronectin is associated with the undifferentiated spindle 
phenotype. Invasion & Metastasis 14, 17-26 (1994); Frontelo, P. 
et al . Transforming growth factor bl induces squamous carcinoma 
cell variants with increased metastatic abilities and a 
disorganized cystoskeleton. Exp. Cell Res. 244, 420-432 



(1998)]. The overexpression of Snail eliminated intercellular 
contacts within the 24-28 hours after transfection in both cell 
types as a consequence of inhibition of the expression of E- 
cadherin (Figs. 2b and 2f) and other associated proteins, such 
as plakoglobin. Simultaneously with these changes, the 

morphology of the cells transfected with Snail was greatly 
altered. Abundant membranous prolongations and long filaments 
resembling filopodia were observed in both cell lines. 

Stable expression of Snail was carried out in the cell line 
MDCK, which exhibits a "prototypical 11 epithelial phenotype and 
appears as a monolayer in culture. This phenotype does not seem 
to be affected by expression of the control vector in six 
independent isolated clones (Fig. 3a) , which maintain the 
expression of E-cadherin (Fig. 3b) and plakoglobin (Fig. 3c) in 
intercellular contacts. However, stable expression of Snail 
induces a dramatic conversion to a completely undifferentiated 
fibroblastic phenotype. MDCK cells transfected with Snail lose 
the ability to grow as a monolayer and to inhibit by contact. 
Instead, these cells form overlying networks with extremely long 
membranous extensions (Fig. 3d) . Analysis of E-cadherin and 
plakoglobin expression showed the loss of both molecules in MDCK 
cells transfected with Snail (Fig. 3e and f ) . Additionally, 
stable expression of Snail in MDCK cells induced a strong 
migratory behaviour, which was demonstrated by tests of wound- 
healing in cultures (Fig. 4) . 

Snail is expressed in undifferentiated tumours and in invasive 
regions of epidermoid carcinomas . 

Analysis of the endogenous expression of Snail by RT-PCR in 
a paneT rrf— ^cell lines with varying E-cadherin expression 
demonstrated an inverse — -eorj^elation between the expression of 
both molecules and a relationship betjereen the expression of 
Snail and their invasive and metastatic capacaTfcy^(Fig . 5). E- 
cadherin was observed in the epithelial, non- tumoral MCA21D cell 
line and in the PCV tumoral cell line, which in spite of itra 
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tumoral origin showed no invasive or metastatic capacity. 
However, the presence of Snan.1 was not found in any of the cell 
lines. In contrast, in the kumour cell lines with invasive and 
metastatic capacity, HaCa4 and CarB, the absence of E-cadherin 
is associated with the presence V>f Snail. 

Expression of Snail was analysed by in situ hybridisation 
in epidermoid tumours induced in immunodepressed mice, either by 
different cell lines or by chemical treatment of the mouse's 
skin. In both cases, high expression of Snail was observed in 
undifferentiated tumours (Fig. 6f and h) and in zones of 
invasion in epidermoid carcinomas (Fig. 6 1) which had lost 
expression of E-cadherin (Fig. 6k). In contrast, no expression 
of Snail was detected in non- invasive, well-dlf f erentiated 
tumours (Fig. 6b and 6d) . 

Taken together, these data demonstrate that Snail is a 
direct repressor of E-cadherin expression, implicated in the 
epithelial -mesenchymal transition which occurs during tumour 
invasion. The presence of Snail, therefore, is a new marker of 
tumour progression, specifically associated with the acquisition 
of the invasive and metastatic phenotype, which allows it to be 
used as a diagnostic marker of tumours in humans and as a guide 
to medical professionals in the selection and evaluation of 
antitumoral treatments and forms part of this invention. 

Moreover, these data clearly indicate the direct inductive 
role of Snail in the acquisition of these characteristics of 
tumour invasion and metastasis, so that Snail may be considered 
a target protein for new antitumoral compounds. Experiments to 
identify new antitumoral candidates can be developed from this 
protein, based on cell lines transformed by the Snail protein, 
in which analysis of the regulation of Snail expression by an 
antitumoral candidate would identify new antitumoral compounds, 
which form part of this invention. Analysis of the regulation 
of Snail expression could be carried out by determining the 
presence or absence of Snail after contact with the antitumoral 




candidate, or by means of another type of signal inhibiting the 
Snail function in cells transformed with reporter genes, eg HIS3 
and LacZ, which form part of this invention. 

DESCRIPTION OF THE FIGURES 

Figure 1.- Snail represses the activity of the E-cadherin 
promoter in epithelial cell lines. MCA3D (Fig. 1A) and PDV 
cells (Fig. IB) were transfected with the native E-cadherin 
promoter (wt-178) or with a mutated version (mE-pal) fused to 
the gene marker CAT in the presence of 1 jig of control vector 
pcDNA3 or containing Snail. The graph shows the levels of CAT 
activity of the promoter. Promoter activity is expressed as a 
measurement relative to that of the native promoter in the 
presence of the control vector. 

Figure 2 . - Transient expression of Snail in epidermal 
keratinocytes induces loss of E-cadherin and plakoglobin and 
loss of cell-cell adhesion. MCA3D (a-d) and PDV (e-h) cells 
were transfected with control vector (mock, a,c,e,g) or that 
containing Snail cDNA (b,d,g,h) and the presence of E-cadherin 
and plakoglobin was analysed by immunocytochemistry visualised 
by confocal microscopy after 48 hours. 

Figure 3.- Stable transf ection of Snail in MDCK epithelial 
cells induces^ epithelial -mesenchymal conversion concomitant with 
the loss of E-cadherin and plakoglobin. Phase contrast images 
of cells transfected with the control vector (a) and with the 
vector containing Snail (d) . Confocal microscopy images which 
show expression of E-cadherin (b,e) and plakoglobin (c,f) in 
control and transfected Snail cells, respectively. 

Figure 4.- Snail induces a migratory phenotype in 
epithelial cells. The migratory behaviour was analysed in an in 
vitro wound model. MDCK control cultures (mock) or cultures 
transfected with Snail were scratched with the tip of a pipette 
and photographs were taken immediately (t=0, a,d) and 10 hours 
later (b, e) . 



Figure 5.- Analysis of the endogenous expression of Snail 
by RT-PCR in a panel of cell lines. The endogenous expression 
of Snail is inversely correlated with that of E-cadherin in 
normal and transformed mouse keratinocyte cell lines. 

Figure 6.- Snail expression is associated with invasive 
carcinomas and invasive areas in epidermoid carcinomas. Tumours 
were induced in nude mice with PDV (a-d) or CarB (e-h) cells or 
by chemical treatment (i-1) - They were analysed by 

hybridisation in situ with E-cadherin (a, c , e, g / i , k) or Snail 

(b,d, f ,h, j , 1) probes. E-cadherin is expressed in differentiated 
areas of epidermoid carcinomas (a,c,i,k), while there is no 
expression of Snail in these tumours (b, d, j ) . Invasive 
carcinomas do not express E-cadherin (e,g) but do express Snail 

(f ,h) . In chemically induced tumours/ Snail expression is 
observed in undifferentiated invasive areas (1) , which do not 
express E-cadherin (k) . 

EXAMPLES 

Example 1. Isolation of Snail cDNA in mice using the one-hybrid 
technique. 

The oligonucleotide which contains the sequence of the E- 
pal element of the mouse E-cadherin promoter (CD-E) (nucleotides 
-90 to -70) containing targets for the restriction enzymes Sail 
in 5 f and Xhol in 3'\as ligated in direct sense for a total of 
6 complete repetitions using conventional techniques, isolation 
in polyacrylamide gels anck cloning in pHISi vector (Clontech, 
Palo Alto, Ca) which contaihs the reporter gene HIS3 of S. 
cerevisiae , and replication elements of yeast , bacteria and 
appropriate selection genes. In th^s way, the expression of the 
HIS3 gene remains under the control \)f the multimerised E-pal 
element. Correct insertion of the regulatory sequences was 
verified by PCR, digestion with appropriate^ restriction enzymes 
and sequentiation. The bait vector thus generated was 

denominated pHIS-E6. The same method was used to generate 



vectors into which a mutant version of the E-pal element was 
introduced, also ligated 6 times in direct sense, in which the 
two central oligonucleotides, GC, were replaced by TT. The 
mutant bait vector generated was denominated pHIS-mE6. The bait 
vectors pHIS-E6 and pHI9-mE6 were independently integrated in 
the chromosomal locus URA3 of the yeast strain YM4271 (Clontech, 
Palo Alto, Ca) by the usual techniques for transformation and 
selection of stable strains which maintain growth in the 
presence of 20 mM 3 -aminotpriazole (3AZT) . The strains selected 
were denominated E-pal HIS3 (native E-pal construct) and mE-pal 
HIS3 (mutated E-pal construct) . The yeast strain E-pal HIS3 was 
subjected to transformation! with a commercial gene library of 
cDNA from NIH3T3 cells which contains different inserts of cDNA 
fused to the GAL4 activanion domain "in the pACT2 vector 
(Clontech, Palo Alto, Ca) , \previously amplified to obtain a 
titre of 3xl0 € independent clones using conventional techniques. 
Transformant yeasts were seleated for their ability to grow in 
the absence of Histidine and in the presence of 20 mM 3ATZ, and 
300 independent clones were isolated. The plasmids containing 
the different sequences of cDNA were isolated from the 
transformant yeasts and were later used to transform E. coli 
(DH5a strain) , recovering 221 independent E. coli clones, from 
which the corresponding plasmids W ere isolated. To eliminate 
false positives, the 221 plasmids Were independently introduced 
in parallel into the previously generated yeast strains 
containing the HIS3 gene under the \ control of the wild E-pal 
element (E-pal HIS3 strain) or mutated E-pal (mE-pal HIS3 
strain) , selecting those plasmids whidh conferred growth in the 
absence of histidine and leucine and In the presence of 2 0 mM 
3ATZ exclusively in the strain E-pal \liis3; the total number 
selected was 13 0. Inserts of these jblasmids were initially 
analysed using digestion with various Restriction enzymes and 
sequenced in an automatic sequencer. The sequences obtained 
were analysed in cDNa databanks using the IBLAST/FASTA programme. 
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4 9% of the clones identified encoded the total or partial mouse 
Snail cDNA sequence. \ 

Example 2. Transitory stable transfection of znSnail in 
epithelial cells. 

The complete mouse Snail cDNA sequence (mSnail) contained 
in one of the clones identified in the one-hybrid screening was 
isolated from the pACT2 vector by digestion with the restriction 
enzymes EcoRIy Hindlll and subcloned in the EcoRI/Hindlll sites 
of the pcDNA3 vector ( Invitrogene) , which contains the neo gene 
conferring resistance to the antibiotic G418 and was sequenced 
at both ends. The vector thus generated was denominated pcDNA3- 
mSnail . 

The mouse E-cadherin promoter construct, -178, which 
contains the gene sequences -178 to +92 pb fusioned to the CAT 
reporter gene (Chloramphenicol Acetyl Transferase) , and the 
mEpal construct (in which the two central GC nucleotides of the 
E-pal element were mutated by TT) have' been described previously 
[Behrens, J, , Lowrick, O., Klein, H.L. & Birchmeier, W. The E- 
cadherin promoter: functional analysis of a GC-rich region and 
an epithelial cell-specific palindromic regulatory element. 
Proc. Natl. Acad. Sci. USA 88, 11495-11499 (1991); Hennig, G. , 
Lowrick, O., Birchmeier, W & Behrens, J. Mechanisms identified 
in the transcriptional control of epithelial gene expression. 
J. Biol. Chem. 271, 595-602 (1996); Faraldo, M.L., Rodrigo, I., 
Behrens, J., Birchmeier, W & Cano, A. Analysis of the E- 
cadherin and P-cadherin promoters in murine keratinocyte cell 
lines from different stages of mouse skin carcinogenesis. . Mol . 
Carcinog. 20, 33-47 (1997)] and were provided by Dr J. Behrens. 

a) Analysis of the activity of the E-cadherin promoter. 

MCA3D AND PDV cells were seeded at subconf luence (3 x 10 5 
cells/6 cm diameter plate, P-60) in HamF12 growth medium 
containing 10% foetal bovine serum (Gibco) and incubated for 24 
hours at 37 °C in an incubator containing 5% C0 2 with a humidity 
of 95%. The medium was then replaced by fresh DMEM medium with 
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10% foetal bovine serum and kept in the incubator for a further 

6 hours. The cultures underwent transfection using Lipof ectamin 

Plus (Life Technologies), following the supplier's instructions, 

using 2.5 [xg of construct -178, mE-pal or the control vector 

5 pCATbasic (with no promoter sequences) (Promega) and in the 

presence of 1 jag of pcDNA3-mSnail or the empty pcDNA3 plasmid. 

As an additional control, the activity of the E-cadherin 

promoter constructs was compared with that of the vector pCAT- 

control (Promega) containing the CAT reporter gene under the 

10 control of the SV-40 promoter, and thus the cells were 

transfected in parallel with this vector. Efficiency of 

transfection was analysed by cotransf ection in all the cultures 
Q " " * ■ • 

Cl with 2.5 jig of the CMV-Luc plasmid which contains the lucif erase 

m 

m reporter gene under the control of the cytomegalovirus promoter. 
®5 Twenty- four hours after transfection the medium was discarded 
Jp and after washing with PBS the cells were collected by gently 
J E scraping the plates and were centrifuged (2000 rpm for 4 
minutes). Extracts were obtained by resuspending the cellular 



pellet in 100 |il of a buffer containing lOmM phosphate pH 8.0 
and subjected to 4 cycles of freezing in liquid N 2 - thawing at 



37 ?C. Lucif erase activity was initially determined in aliquots 
of 5 pi using a commercial kit and a luminometer. Aliquots of 
the different extracts containing equivalent luciferase 
activities were analysed for CAT activity, using C 14 - 
25 chloramphenicol (Amersham) as substrate and Acetyl-CoA (Sigma) 
as cof actor, following the method described previously [Faraldo, 
M.L., Rodrigo, I., Behrens, J., Birchmeier, W & Cano, A. 
Analysis of the E-cadherin and P-cadherin promoters in murine 
keratinocyte cell lines from different stages of mouse skin 
30 carcinogenesis. Mol . Carcinog. 20, 33-47 (1997); Rodrigo, I., 
Cato, A.C.B. & Cano, A. Regulation of E-cadherin gene 

expression during tumor progression: the role of a new Ets- 
binding site and the E-pal element. Exp. Cell Res. 248, 358-371 
(1999)]. The CAT activity obtained in MCA3D and PDV cells for 
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the -178 construct of the native E-cadherin promoter was 70% and 
50%, respectively, of that of the pCAT-SV40 vector. The CAT 
activities obtained were normalised to that obtained with the - 
178 construct in the presence of the empty pcDNA3 vector in each 
5 cell line. Transfection assays were performed in equivalent 
duplicate cultures of each of the cell lines for all the 
experimental conditions analysed. 

b) The effect of the expression of mSnail in the cell 
phenotype and the expression of epithelial markers. 
10 Transient transf ections were performed with 2 jag of mSnail 

(pcDNA3-mSnail vector) and "mock" controls (empty pcDNA3 vector) 
in mouse keratinocyte lines MCA3D and PDV, following the 
procedure described previously, except that the cells were 
seeded on circular coverslips (1.2 cm in diameter) placed on top 
gp5 of the P-60 plates. At 24 and 48 hours after transfection, the 
% glass plates corresponding to the two experimental conditions of 
Ul each cell line were fixed with methanol (-20°C) for 30 s, and 
Lu were analysed for E-cadherin and plakoglobin expression by 

Q immunofluorescence [Navarro, P. et al . A role for the E- 

§=& 

bp cadherin cell -cell adhesion molecule in tumor progression of 
rr mouse epidermal carcinogenesis. J. Cell Biol. 115, 517-533 

(1991)]. The images were analysed using a confocal microscope 

(Leica) . 

Stable transf ections of mSnail and "mock" control were 
25 carried out on the MDCK epithelial line, grown in DMEM medium, 
10% foetal bovine serum, in parallel cultures and following the 
protocol described previously. Between 4 8 and 72 hours after 
transfection, when the cultures reached confluence, the medium 
was changed for fresh medium and 400 |^g/ml of G418 were added, 
30 selecting the cells resistant to G418 after 2-3 weeks of growth 
in the presence of the antibiotic. The total population 
generated (the "pool") in both types of culture (mSnail and 
mock) was collected, and independent clones were obtained by 
dilution. To do this, 100 cells of each type of population were 
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seeded on P-100 plates (10 cm diameter) and grown in DMEM 
medium, 10% foetal bovine serum and 400 jig/ml of G418. 
Independent colonies resistant to G418 were obtained after a 
further 2-3 weeks, and these were isolated by trypsinisation 
5 using cloning cylinders (internal diameter 5 mm) and amplified 
by successive passages on culture plates of increasing size (T6- 
>F12 . 5->F25->F75) , maintaining antibiotic pressure in all phases 
of the culture. A total of 10 independent clones were isolated 
from the mSnail transfection and 6 independent clones from the 

10 mock transfection. The different clones were analysed for E- 
cadherin and plakoglobin expression by immunofluorescence 
(confocal microscope analysis) and immunotransference, and for 

~ mSnail expression by RT-PCR after extraction of the RNA-polyA+ 

CO of the different clones and the use of appropriate amplimers to 

O 

amplify a fragment of 3 88 base pairs, in accordance with the 
=P mSnail cDNA sequence. 

m 

a Example 3 . Obtaining tumours 

L= ; a) Tumours induced in inrmunodepressed mice by cell lines. 

M= Tumours were induced in 8-week-old athymic male nu/nu mice 

£0 

;?2:0 of the Bale strain by subcutaneous injection of PDV, HaCa4 or 

t ==r. 

H CarB cells, as described previously [Navarro, P. et al . A role 
for the E-cadherin cell-cell adhesion molecule in tumor 
progression of mouse epidermal carcinogenesis. J- Cell Biol. 
115, 517-533 (1991)]. The different cell lines grew to 

2 5 confluence in F75 bottles, and were trypsinised and resuspended 
in phosphate buffered saline (PBS) at a density of lxlO 7 cells/ml 
in PBS. The cells were subcutaneously injected into both flanks 
of each mouse (lxlO 6 cells/injection site) using insulin syringes 
and 25 gauge hypodermic needles. Usually 3 animals were 

30 inoculated for each cell line (6 injection sites/line) . The 
animals were obtained from the I FA- CREDO production unit 
(France) and were kept in sterile conditions in the installation 
specifically intended for such animals in the animal house of 
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the Instituto de Investigaciones Biomedicas (IIB) in accordance 
with the centre's regulations for animal handling. The injected 
animals were observed 3 times a week; the appearance of tumours 
was determined by visual inspection and measurement of their 
5 size was done by caliper. The animals were sacrificed by 
asphyxia in ether when the external diameter of the tumours 
reached 1.5-2.0 cm. The tumours were removed, a fraction was 
fixed in formaldehyde for subsequent histological analysis, and 
the remainder was immediately frozen in isopentane directly 
10 cooled in a bath of liquid nitrogen or embedded in OCT (Tissue 
Tek) . The samples were stored at -70°C for later use. 

b) induction of tumours in mouse skin by chemical 

jtxb- 

carcinogenesis. 

05 Tumours were induced in the dorsal " skin of 8 -10 -week-old 

|p§ Bale mice obtained from the production unit of the IIB animal 

house, using the two-stage DMBA/TPA protocol as described [Cano, 
U1 A. et al. Expression pattern of the cell adhesion molecules E- 

cadherin, P-cadherin and integrin is altered in pre-malignant 
Q skin tumors of p53 -deficient mice. Int. J. Cancer 65, 254-262 

(1996)]. One week before the start of the experiment, the backs 



ifcssr 



of the animals (20 in total) were shaved, after which a single 
dose of the carcinogen dimethylben (z) anthracene (DMBA) at a 
concentration of 50 jig/ml dissolved in acetone was applied. A 
week later, the promotion was begun by topical application of 
25 phorbol tetradecanoylphorbolacetate at a concentration of 50 
jag/ml dissolved in ethanol . The TPA was applied every 3 days 
for a total of 3 0 weeks. The animals were kept under weekly 
observation for a total of 50 weeks. At the end of 10 weeks of 
treatment with TPA the appearance of the first papilloma- type 
3 0 tumours was detected, and these continued to appear throughout 
the treatment and subsequently, at an average rate of 5-6 
tumours per mouse. A small proportion of the papillomas (5%) 
progressed to carcinomas after the end of the TPA treatment. 
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The animals were sacrificed at different intervals and the 
tumours were extracted and frozen as previously described. 
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